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Introduction
Multiple myeloma is the second most common hematological malignancy after non-Hodgkin lymphoma, accounting for 13% of blood cancers and 1% of all cancers (Raab, Podar et al. 2009 ). Incidence increases steadily with age; in developed countries, incidence is gradually increasing (Becker 2011) in line with the increasing age of the population.
Over the past three decades, multiple myeloma therapy has changed considerably from the traditional combination of alkylating agents plus steroids, and high-dose chemotherapy and stem cell transplantation (SCT) for younger patients (Kumar, Galeb et al. 2011; Torimoto, Shindo et al. 2015) . Although SCT remains the standard of care for younger patients, 4 almost all patients are now treated with new agents, including the first-in-class proteasome inhibitor bortezomib (Cao, Li et al. 2013) and immunomodulatory drugs such as thalidomide, lenalidomide and pomalidomide (Mitsiades and Chen-Kiang 2013) . The improved rates and depth of response observed with these new agents, especially when used in triplet combinations, has extended survival and supported the development of new methods of measuring depth of response. The irreversible epoxyketone proteasome inhibitor, carfilzomib (Khan and Badros 2012) , and the oral boronic-based proteasome inhibitor, ixazomib (Richardson, Moreau et al. 2015) , are new and exciting members of a class of agents that is already central to myeloma therapy. In addition, the monoclonal antibodies elotuzumab and daratumumab (Faiman and Richards 2014) represent new mechanisms of action and will therefore complement the current armamentarium. Histone de-acetylase inhibitors (HDACi) are another class of potential anti-myeloma agents, and the pan-HDACi Panobinostat, has recently received marketing authorization in relapsed disease. Thus, the treatment landscape for multiple myeloma is set to change over the next few years. With an everincreasing choice of agents come many uncertainties, such as the optimal treatment strategy at first and subsequent lines, as well as the best sequence of agents to use in relapsed disease.
Treatment choices are inevitably influenced by approval status and level of drug reimbursement, which vary throughout Europe. Thus, practice patterns also vary, from the management at diagnosis to the number of lines and types of treatment received. Real-world data describing how patients are managed throughout the course of their treatment are limited, however. We conducted an observational, cross-sectional patient chart review to investigate the management of individuals with symptomatic multiple myeloma in Belgium, France, Germany, Italy, Spain, Switzerland and the UK in order to improve the design of future clinical trials and to inform health economic analyses.
Methods

Physicians and patients
The study was performed during 2014. Physicians obtained approval from their respective local ethics committee, if applicable. Ethics committee approval was received in Germany and Spain as per national regulations in these countries.
Physicians completed a questionnaire to ensure that they met study eligibility criteria: having at least 3 years of clinical practice experience, managing at least 10 patients with multiple myeloma per month and having responsibility for treatment initiation.
The chart review comprised cross-sectional and retrospective components, completed concurrently (see Supplementary Material). In the cross-sectional review, physicians completed a questionnaire on patient characteristics and current treatment for all patients seen during the observation period, regardless of the individual's treatment status (i.e. currently receiving active anti-myeloma drug treatment, between lines of therapy, not yet started treatment or receiving palliative care).
The length of the observation period was determined by the physician's monthly caseload: those with large caseloads had 2 weeks to collect data, while those with smaller caseloads had 4 weeks. Patients were included only once during the observation period, even if they were seen multiple times.
In the retrospective review, physicians each completed detailed questionnaires for 12 patients (14 patients in the UK) seen during the previous 3 months and who had completed specific lines of treatment. Patient cases were selected in reverse chronological order.
Quotas were defined by line of therapy to ensure sufficient sample size in later lines, for which there is greater patient and treatment heterogeneity (and less consensus among guidelines).
Induction treatment was defined as the first anti-tumor drug treatment received. Progression to the next line was defined as a change of treatment following relapse or toxicity.
Retreatment with the same regimen was considered as a new line only if it followed relapse.
Maintenance was defined as a new regimen prescribed after the scheduled regimen was completed and the patient had achieved their maximum response, but before disease progression. No formal definition of consolidation was provided. Instead, the anti-tumor drug given after SCT was classified as consolidation.
Physicians were provided with information on staging systems (Durie and Salmon 1975; Greipp, San Miguel et al. 2005) , European Cooperative Oncology Group (ECOG) performance status, level of response and definitions of treatment stages.
Statistical analyses
Significance was tested using t-tests for quantitative variables (significance set at P<0.05) and χ 2 tests for categorical variables, with a two-tailed probability threshold of 0.05 considered significant. Results of significance analyses should be interpreted with caution as study was not design to show differences across samples.
The frequency of patient visits is influenced by the anti-tumor drug treatment received and the number of consultations that physicians arrange. These factors affect the probability of patient inclusion. To adjust for this potential bias, patient data collected in the cross-sectional component were weighted by probability of inclusion in the study using the date of the next scheduled consultation (i.e. patients returning sooner were allocated a lower coefficient than those returning later).
The retrospective component was weighted according to the data obtained from the crosssectional portion using a matching technique (Carpenter and Bithell 2000; van der Laan and Dudoit 2003) . The final pooled analysis was adjusted for country contribution size.
Results
Physician and patient characteristics
In total, 435 physicians completed 7635 cross-sectional patient chart reviews and 4997 retrospective patient chart reviews. Most physicians were hematologists (60%) or onco-hematologists (32%), and they were based at university hospitals (44%), non-university centers (29%), specialized cancer centers (14%), offices (8%, all from Germany) and private practices (5%). Notably, no physicians in Switzerland were based at universities. Overall, 79% of the institutes included were part of a hospital network in which at least one center offered SCT, with half (50%) of all institutes having SCT facilities within the hospital.
Patient characteristics for those included in the cross-sectional chart review are described in Table 1 . About half (54%) of the patients were male, nearly two-thirds (62%) were at least 65 years old and one-quarter (26%) were older than 75 years. For patients diagnosed in the previous 12 months (i.e. those patients who best represent current clinical diagnostic and treatment procedures), the median age at diagnosis was 68 years (Fig 1) . Most (74%) patients had stage II or III disease at diagnosis, according to the international staging system (ISS). Patient characteristics were generally similar across countries.
Of patients undergoing anti-tumor drug treatment at the time of their inclusion in the crosssectional chart review, 90% were receiving standard anti-tumor drug treatment (i.e. they
were not part of a clinical trial or early access program), 7% were enrolled in clinical trials and 3% were enrolled in early access programs.
Stem cell transplantation
In the retrospective analysis, 44% of patients at first line were considered by the physician to be eligible for SCT during their first-line therapy, although only 31% actually received a transplant (Fig 2) . More patients were deemed eligible for SCT in Switzerland (56%), the UK (54%) and Germany (50%) than in the other countries (32-46%; Supplementary Table 1) .
Despite this difference, the proportion of patients who received SCT (23-35%) was similar in all countries except Switzerland, where all of the patients who were eligible received SCT (56% of patients at first line) (Supplementary Table 1) . Patients who received SCT were significantly more likely to be under 65 years old at initiation of first-line therapy than those who did not (79% vs 21%, respectively) and were more likely to have normal renal function (69% vs 53%, respectively) and an ECOG performance status of 0 (25% vs 14%, respectively) at diagnosis (all p < 0.0001).
Across all lines, 15% of patients who received SCT also received consolidation therapy (Fig   2) . The percentage of patients receiving consolidation therapy ranged from 4% in the UK to 40% in France (data not shown).
As the number of lines of treatment increased, the proportion of patients in the line who had previously received SCT increased. Data showed that 31% of individuals who completed a first-line treatment had received SCT (Fig 2) , whereas 70% of patients who completed a fifth or later line of treatment had received SCT at first or second line.
Patients receiving anti-myeloma drug treatment
In the cross-sectional analysis, nearly half (47%) of the 7635 included individuals were currently undergoing anti-tumor drug treatment, with a large proportion receiving first-line therapy (46% of currently treated patients were receiving first-line induction or maintenance; Fig 3) . Conversely, 42% patients were not currently receiving anti-tumor drug treatment, but had previously received one or more lines of therapy. Of these previously treated patients, 59% had most recently completed a first-line treatment (Fig 3) . The remaining 12% had not yet received any anti-tumor drug treatment.
The main reasons cited for not currently treating individuals were (physicians were permitted to select more than one reason): the patient was in remission and/or had stabilized (61%), the number of planned cycles had been completed (38%), drug holiday (5%), poor overall state of the patient (4%), patient refusal (3% [19% in Germany] ) and renal issue (1%). In Switzerland, poor life expectancy was the reason given for 27%.
The reasons cited for patients never receiving treatment were: waiting for more symptoms (62%), waiting for higher blood abnormalities (45%), poor life expectancy (11%) and patient refusal (11%). The mean age of patients not treated because their physicians were waiting for higher blood abnormalities was 67 years, and 80% of these patients were diagnosed with stage I disease (data not shown). The patients who refused treatment tended to be elderly at diagnosis (mean, 76 years), and over half had stage III disease (57%).
Regardless of whether or not patients received SCT, the retrospective data suggested that overall use of maintenance therapy at first line was 12%.
Treatment pathway for patients with symptomatic multiple myeloma
Data from the cross-sectional analysis showed that almost all (95%) patients diagnosed with symptomatic multiple myeloma who were treated by oncologists, onco-hematologists or internists received, or were expected to receive, at least one line of anti-tumor drug treatment (Fig 2) . Approximately two-thirds (61%) of individuals received two or more lines of therapy and 38% received three or more lines (Fig 2) . In Spain, the proportion of patients receiving later lines of therapy was much lower than in the other countries (e.g. 4% of patients in Spain were receiving third-line treatment compared with 39-60% of those in the other countries; Supplementary Table 2 ). More patients in Germany (9%) and France (10%) received fifth-line treatment than in the other countries (≤3%; Supplementary Table 2) .
Type of treatment received by patients
In the cross-sectional analysis, there was considerable variation in the agents used at each line (Tables 2 and 3 ). Of patients receiving active treatment at the time of the study, 34%
were receiving induction therapy and 12% were receiving first-line maintenance therapy.
Overall, in the first-line setting, the most commonly used induction regimens contained bortezomib (48%); in the UK, however, first-line thalidomide-based regimens were used more frequently (56%; Table 2 ). Lenalidomide was the most commonly used first-line maintenance therapy (45%; Table 2 ) and was also the most commonly used second-and third-line agent in most countries (60% and 52% of patients overall in second-and third-line, respectively; Table 3 ), although in the UK bortezomib-containing regimens were the most commonly used second-line regimens (62%).
While, at the time of the study, pomalidomide was not universally reimbursed in either Italy or the UK, and had only recently received reimbursement in the other countries studied, its use was prominent in fourth and later lines (34%). Bendamustine was seldom used in firstor second-line therapy (2% and 3%, respectively), but was more commonly used in third line in Germany, Spain and France (Table 3) .
Treatment sequencing pathway
As noted above, bortezomib was the most common treatment used first-line. In the retrospective analysis, of 750 patients who received bortezomib at first line, 26% received it again at second line, and 20% of those patients received it again at third line (Fig 4a) . A large proportion (61%) of patients who received bortezomib at first line went on to receive lenalidomide at second line; for these patients, the most frequent third-line therapy was bendamustine (40%), although 25% received retreatment with bortezomib and 14% received pomalidomide. The majority of patients (59%) who had previously received second-line bortezomib went on to receive third-line lenalidomide. Overall, bortezomib retreatment was used in 43% of patients who received the agent at first line.
Of patients who received first-line thalidomide (excluding those who received thalidomide in combination with bortezomib), 76% received bortezomib in the second-line setting and 17% received lenalidomide-based regimens (Fig 4b) . Most (69%) of those who received secondline lenalidomide went on to receive bortezomib, although pomalidomide, bendamustine, and thalidomide were also used in the third line (Fig 4b) . Of those patients who received secondline bortezomib following first-line thalidomide, the majority (80%) subsequently received third-line lenalidomide. Overall, of the patients who initially received bortezomib or thalidomide and who subsequently received third-line treatment, 30% had been retreated with bortezomib.
Overall, treatment sequencing pathways were similar regardless of whether patients had received SCT.
Discussion
This study summarizes cross-sectional data on over 7000 patients with symptomatic multiple myeloma being managed in 2014 across seven European countries. The physicians completing the chart audit were haematologists or haemato-oncologists treating a large number of patients and who are based in centres with large haematology practices, as reflected by the access to SCT facilities. Thus, these data can be considered to be representative of current real-world treatment patterns in Europe.
Information on real-world practice in the selection of therapies for newly-diagnosed and relapsed patients will aid investigators in designing clinical trials and selecting appropriate comparators. These data will also be important for pharmaceutical companies engaged in for primary, maintenance and salvage therapy for patients with multiple myeloma, but they do not recommend any one approach over another National Comprehensive Cancer Network 2015) . Furthermore, there is no standard of care or optimal choice for individuals with relapsed or refractory multiple myeloma. Choice of treatment depends on a range of factors, including the type of and response to previous therapies, tumor characteristics and patient health and comorbidities. This lack of consensus is reflected in the results of the present study, in which the regimens prescribed, particularly for third line and beyond, were diverse, even within the same country.
Treatment pathways reflect a need to sequence different mechanisms of action or to re-treat with similar regimen based on prior response and treatment free intervals. At the time of the chart review, treatment options were limited for patients with multiple myeloma refractory to bortezomib and lenalidomide therapy. The cross-sectional analysis found that individuals who received first-line bortezomib were often retreated with bortezomib at later lines. While bortezomib retreatment can produce good clinical outcomes (Knopf, Duh et al. 2014) , the use of alternative agents in later lines (e.g. pomalidomide and bendamustine) can also be effective and may avoid accumulation of toxicity (San Miguel, Weisel et al. 2013; Lau, Smith et al. 2015) . Furthermore, new agents such as carfilzomib, ixazomib, panobinostat, elotuzumab and daratumumab are now becoming options for those whose disease progressed in previous lines of therapies, helping to avoid the need for re-treatment with the same agent in multiple lines.
High-dose therapy followed by autologous SCT is considered the standard of care for those younger than 65 years of age without significant comorbidity, offering the chance of a prolonged disease-and treatment-free period (Ludwig, Avet-Loiseau et al. 2012; . In the present study, approximately one-third of patients at the end of induction therapy had received SCT; this proportion was similar across the countries studied.
Furthermore, results from this study showed that the percentage of patients who had received SCT increased with each line of treatment, indicating that individuals who had a successful SCT were more likely to receive further lines of therapy. With respect to patient baseline characteristics, this finding suggests that physicians were following guideline recommendations to treat patients younger than 65 years with SCT .
Several factors may underlie a physician's decision to initiate therapy and the choice of agent(s) to use; these include patient performance status, response to previous therapy, lack of evidence for treatment options in later lines and country-specific reimbursement policies or local guidelines influencing treatment decisions in later lines. In the current study, the percentage of patients being treated at each subsequent treatment line decreased sharply, reflecting the increasing number of individuals who did not receive further lines of therapy after each relapse, or who died before reaching the next line of therapy. This is perhaps surprising given the activity of bortezomib and lenalidomide in second-and third-line settings (Richardson, Sonneveld et al. 2005; Dimopoulos, Spencer et al. 2007; Richardson, Sonneveld et al. 2007; Weber, Chen et al. 2007 ) and the availability of bendamustine and pomalidomide for patients refractory to these agents. Again, this finding could reflect limited access to new agents in real-world practice. It is also possible that patients undergoing later lines of treatment are managed in other healthcare settings, such as primary or palliative care, and so would not have been included in this study. In particular, a large proportion of patients in Spain discontinued treatment between the second and third lines, and so very few records were collected for patients receiving treatment in the third-line setting and beyond.
One interesting finding from the present study was that the cross-sectional patient records collected included only a small proportion of those taking part in a clinical trial at the time of their inclusion in this observational study. This is unexpected given the recommendations in clinical guidelines that patients with relapsed and refractory disease should be offered participation in trials when possible National Comprehensive Cancer Network 2015) , but is indicative of the real-life practice in each of the countries.
While the results of this study provide an important overview of treatment practices across Europe, there are some considerations that should be borne in mind when interpreting the results. For example, bortezomib is generally given for a fixed duration whereas the label for lenalidomide is continuous therapy. This may have resulted in a reduced representation of patients receiving bortezomib. Individuals not undergoing anti-tumor drug treatment may also have been under-represented, because such patients may be managed in the interim by different physicians not included in the study. In addition, it should be noted that the study was conducted 3-7 months earlier in France, Italy, and the UK than in the other countries; as the use of pomalidomide was increasing over the time period of the study, this may have affected results recorded in these countries relative to Belgium, Germany, Spain, Switzerland and the UK.
In summary, we present the results of a cross-sectional study on treatment practices in over 7000 patients with multiple myeloma across several European countries. The notable findings are that while there is consistency in agents used at first and second line, the treatments utilized at later treatment lines are more varied. In addition, re-treatment with bortezomib is common practice in nearly half of patients arriving at second and third line therapy. A surprisingly low proportion of patients appear to be treated on clinical trials, indicating an area for improvement in clinical practice. These real-world data provide useful information for both designing clinical trials and health economic evaluations of new and existing agents. Owing to rounding, percentages may not sum to 100%. Patient numbers for all countries may differ from the total of the individual countries owing to weighting of the data.
ISS, International Staging System. 
